Density Functional Theory (DFT) calculations are used to investigate basic electrochemical characteristics of Si-based anodes in Calcium Ion Batteries (CIBs). The calculated average voltage of Ca alloying with fcc-Si to form the intermetallic Ca x Si phases (0.5 < x ≤2) is of 0.4V, with a volume variation of 306%. Decalciation of the lower Ca content phase, CaSi 2, is predicted at an average voltage between 0.57 V (formation of Si-fcc, 65% volume variation) and 1.2 V (formation of metastable deinserted-Si phase, 29% volume variation). Experiments carried out in conventional alkyl carbonate electrolytes do evidence that electrochemical "decalciation" of CaSi 2 is possible at moderate temperatures. The decalciation process from CaSi 2 is confirmed by different characterization techniques.
Introduction
Concerns on Li availability have prompted the search for suitable alternatives to rechargeable lithiumion battery (LIBs) technologies. Among these, batteries based on multivalent charge carriers (M n+ ) can exhibit advantages in terms of energy density since for a certain amount of M carriers the capacity is doubled (n=2) or tripled (n=3) when compared to single valent carriers like Li + or Na + . Calcium is an attractive candidate [1, 2, 3] due to its low cost, natural abundance and low reduction potential. We have recently reported on the feasibility and reversibility of calcium plating in conventional alkyl carbonate electrolytes at moderate temperatures [4] which opens the way to the development of a new rechargeable battery technology using calcium anodes. Yet, the theoretical capacity of Ca is 1340 mAh/g, and the exploration of alternative anodes based on intercalation or alloy reactions with higher capacities is a must to open as much research avenues as possible for the new calcium based battery technology (CIBs).
Alloying electrodes have shown to exhibit large capacities with lithium [5] and are also starting to be investigated with sodium and magnesium [6, 7] . A recent publication reported on a tin anode for a Caion system utilizing manganese hexacianoferrate as the cathode, although no detailed characterization was provided on the tin electrode reaction mechanism [8] . The electrochemical formation of Si-based alloys with calcium has, to the best of our knowledge, not been investigated to date. Yet, in light of the existing knowledge on the Ca-Si phase diagram [9] , it seems that it could be feasible. Voltammetry (CV, 0.05 mV/s, between 2 and 3.5V vs. Ca 2+ /Ca passivated ) were carried out at 100ºC using a Bio-Logic VMP3 potentiostat. After testing, the electrochemical cell was dismantled inside an Arfilled glove box, the powder was scratched from the working electrode and introduced in a borosilicate glass capillary (=0.3mm) for Synchrotron X-ray powder diffraction (SXRPD) at MSPD beamline (Mythen detector, = 0.61971 Å) at ALBA synchrotron. [15] Scanning Electron Microscopy (SEM) studies on CaSi 2 powder electrodes before and after electrochemical testing were performed using a Quanta 200 ESEM FEG FEI microscope equipped with an energy-dispersive X-ray spectrometer (EDS). Average particle sizes were estimated from SEM images as a mean over 90 randomly chosen particles. This is also confirmed by SXRPD, as the peaks corresponding to CaSi 2 have decreased in intensity leaving almost only the peaks corresponding to Si in the oxidized sample (see Figure 3) . The relative intensities of the Si peaks have changed after extraction, which we attribute to a texture modification as detected by SEM.
Results and discussion
The characterization of the charged electrode (SEM, EDS, SPXRD) confirms the decalciation of CaSi 2, which is observed at 2.8 V vs Ca 2+ /Ca passivated . From the experimental SPXRD we can infer that the decalciated phase is likely an amorphous compound which could further react with Ca at 0.9 V during the discharge of the cell. A confrontation with the calculated voltages of decalciation is difficult due to the large overpotential of the cell. However, the calculated voltage of the dealloying reaction to form fcc-Si, (0.57 V) seems too low compared to the observed voltages. The experimental voltage rather support that the decalciation of CaSi 2 renders a Si-phase less stable than fcc-Si (calculated voltage for the deinsertion mechanism is 1.2 V). Further experimental work is certainly needed to fully elucidate the redox mechanism.
Conclusions
Although the reversible calcium plating/stripping has been recently enabled in Ca(BF 4 
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